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ENGINE TESTING WITH LOW 
TEMPERATURE CHARGE AIR COOLER 
SYSTEMS IN A DYNAMOMETER 
TEST CELL— SAE J 1937 NOV89 



SAE Recommended Practice 



Report of the Diesel Emissions Standards Committee approved November 1989, 

2. Scope — The methods presented in this document apply to the con- 
trolled testing of low temperature charge, air cooled, heavy duty diesel 
engines. This document encompasses the following main sections: 

a. Definitions of pertinent parameters. 

b. Vehicle testing to determine typical values for these parameters. 

c. Description of the setup and operation of the test cell system, 

d. Validation testing of the test cell system. 

While not covered in this document, computer modeling of the vehi- 
cle engine cooler system is recognized as a valid tool to determine cool- , 
er system performance and could be utilized to supplement the testing 
described. However, adequate in-vehicle testing should be performed 
to validate the model before it is used for the purposes outlined. 

The procedure makes references to test cycles that are prescribed by 
the United States Environmental Protection Agency (US EPA) and are 
contained in the Code of Federal Regulations. The existence of other 
international test cycles, which can be used for validation testing, is ac- 
knowledged. 

2. Purpose — The primary purpose of this document is to aid in the 
setup and evaluation of a low temperature charge air cooler system for 
use with heavy duty diesel engines (HDDE) in dynamometer test cells. 
These charge air cooler systems typically provide cooled, charge air 
temperatures lower than jacket water after cooled systems but above 
ambient temperature. Examples of low temperature charge air cooler 
systems include air-to-air after cooled and low flow coolant after cooled 
systems. While this document addresses emissions evaluation of such 
engines, it is not limited to that use. 

5. Definitions of Terminology 

3.1 Heated Charge Air — Engine charge air that has been heated 
by compression in a turbocharger(s) or supercharger(s). 

3.2 Cooling Medium — The fluid, usually air or water, used to cool 
the heated engine charge air. 

3.3 Cooled Charge Air Temperature — The temperature of the 
cooled charge air entering the engine (commonly referred to as "intake 
manifold" temperature). This temperature may differ significantly be- 
tween the test cell and the vehicle due to underhood heating. Engine 
inlet air temperature rise of 8 to lO^C from the air cleaner to the tur- 
bocharger(s) or supercharger(s) and cooled charge air temperature rise 
of 3 to 5^0 from the engine charge air cooler to the engine inlet are 
typical in the vehicle. Piping length should be minimized and properly 
routed to minimize this temperature rise. 

3.4 Engine Charge Air Cooler — The heat exchanger located in 
the charge air path between the engine turbocharger(s) or supercharg- 
er(s) and the engine cylinders. It reduces the charge air temperature by 
transferring heat from the charge air to a cooling medium. 

3.5 Cooled Charge Air — Engine charge air that has been cooled 
by passing through the engine charge air cooler. 

3.6 Engine Radiator- — ^The heat exchanger used for engine cool- 
ing. In some systems, the engine radiator(s) also provides coolant to the 
engine charge air cooler. 

3.7 Engine Charge Air Cooler System Volume — The volume of 
the intake air system from the turbocharger outlet to the engine inlet. 
This volume includes the piping to and from the engine charge air 
cooler and the charge air cooler itself, 

3.8 Test Cell Cooler System — The system of heat exchangers and 
related hardware in the test cell used to cool the charge air to the en- 
gine. 

3.9 Rated Load Set Point Temperature — The cooled charge air 
temperature with the engine operating and stabilized at rated speed 
and load at a 25**C ambient temperature. This set point can be estab- 
lished through vehicle on-road testing, full load vehicle testing on a 
chassis dyno, from engine manufacturer specifications for the intended 
application, or from computer modeling of the cooler system. 

3.10 Engine Charge Air Cooler System Thermal Response! 
Time — Time to reach 85% of the cooled charge air temperature dif- 
ference between low idle and rated engine speed and load following a, 
rapid acceleration between these two operating conditions. 

3.11 Engine Charge Air Cooler System Pressure Drop — The 
charge air pressure differential measured between the turbocharger or* 
supercharger outlet and the engine inlet. These pressure measurements; 



are taken with the engine operating at rated engine speed and load. A 
static pressure measurement taken at each location will normally pro- 
vide an adequate measurement of pressure differential and is a much 
simpler measurement than the total pressure at each location. Care 
should be taken to make the measurement in a location without bends 
and piping size changes. 

3.12 Transient Emissions Test — The test procedure prescribed 
by the US EPA for emissions testing of HDDE. The test is performed 
in an engine test cell and requires the use of a dynamometer with mo- 
toring capability. The test procedures are described in the Code of Fed- 
eral Regulations (CFR) Title 40, Part 86, Subpart N. 

3.13 Transient Test Cycle — The 20 min test cycle consisting of 
second-by-second listings of normalized speed and torque values, A list- 
ing of the individual points is contained in CFR Title 40, Part 86, Ap- 
pendix I (f)(2). 

3.14 Federal Smoke Test — The test procedure prescribed by the 
US EPA for smoke opacity testing of HDDE. This test is performed in 
an engine test cell and is described in CFR Title 40, Part 86, Subpart 
I. 

3.15 Heavy Duty Chassis Cycle — The test cycle prescribed by the 
US EPA for chassis dynamometer testing of heavy duty vehicles. The 
test schedule is contained in CFR Title 40, Part 86, Appendix I (d). 

4, Important Engine Charge Air Cooler System Parameters 

4.1 Cooled Charge Air Temperature — The most important pa- 
rameter to be controlled by the test cell cooler system during engine 
testing is the cooled charge air temperature. The cooled charge air 
temperature has a strong effect on engine performance and emission 
levels, so this temperature must be controlled to levels typical of vehicle 
operation. This document describes a procedure to define the typical 
cooled charge air temperature levels (5.1) and to set up the test cell 
cooler system to achieve those levels during the EPA Transient Emis- 
sion Test and Federal Smoke Test (6.2). 

4.2 Engine Charge Air Cooler System Pressure Drop^ — ^The pres- 
sure drop in the engine charge air cooler system affects the pressure of 
the cooled charge air when it reaches the cylinders. This pressure drop 
affects the air/fuel ratio and could affect performance and emissions. 
Therefore, the test cell cooler system must have a charge air pressure 
drop representative of typical, installed vehicle charge air cooler sys- 
tems. 

4.3 Engine Charge Air Cooler System Thermal Response 
Time — Due to the highly transient nature of the EPA Transient Test 
Cycle and the effect of the cooled charge air temperature on emissions, 
it is necessary to ensure that the thermal response of the test cell cooler 
system is representative of the vehicle charge air cooler system. Caution 
must be exercised when using an air-to-water test cell cooler system to 
simulate a vehicle air-to-air system. Excessive water volume could result 
in a thermal response that is not representative of the vehicle air-to-air 
system. 

4.4 Engine Charge Air Cooler System Volume — During transient 
engine operation, the charge air cooler system volume affects the in- 
stantaneous air/fuel ratio and could affect performance and emissions. 
It is, therefore, necessary to ensure that the test cell cooler system vol- 
ume is representative of vehicle installations. 

5. Vehicle Testing — Actual vehicle testing (or computer modeling of 
the vehicle cooler system using a valid model) should be conducted to 
determine values for the important engine charge air cooler system pa- 
rameters. The vehicle used should be representative of a typical instal- 
lation for the engine size and output being tested. The values generat- 
ed for these charge air cooler system parameters are needed to validate 
the performance of the test cell cooler system. Generalized descriptions 
of typical vehicle charge air cooler systems are included in A.l. 

During this vehicle testing, attention should be given to the tempera- 
ture rise of the engine inlet air and cooled charge air due to underhood 
heating to ensure that they are not excessive. 
5.1 Cooled Charge Air Temperature 

5.1.1 The rated load set point temperature should be determined 
during operation at rated engine speed and load in the vehicle. This 
testing can be done on the road and/or on a chassis dynamometer if 
ram air representative of on-the-road operation can be provided. The 
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hardware used (charge air cooler, radiator, cooling fan, etc.) should be 
reoSentative of a t^ical installation meeting engine manufacturer ap- 
Saton S^elines. The engine cooling fan drive should be fuUy en- 
S whin determining the rated load set point temperature. The en- 
gnecocSfng medium ufed in the test cell should be the same as used 

^^'^iTiJ^ordth^ii^op^S^^^^^ 

, rooied charee air temperature range for operating conditions typical 
of thtfr^nSt cycle Operating conditions should follow the time re- 
^Ldfoftre EPA Heavy Duty Chassis Cycle or be characteristic of the 
Zt modes o^theloLin EPA TransiLt Cycle as listed below: 
vXcle speeds averaging 13 New York Nonfreeway 

v'^hkle speeds averaging 24 Los Angeles Nonfreeway 

v"hJle speeds averaging 72 Los Angeles Freeway 

Lo'^idk periods of up to 2 min duration should also be included to 
dunul e die Wrperiods contained in the EPA Transient Test Cycle. 
?£ cooling fan should operate in the normal mode for this te^mg 
The EPA Heavy Duty Chassis and Transient Test cycles are different 
Jom elch ?the/but sLuld produce similar ranges of cooled charge air 

'TlTltTs' recommended that these tests be run at an ambient tem- 
perature of 25-cT 5 and results corrected to 25°C ambient. In thjs 
™n^e cooled charge air temperature can be corrected 1 C per 1 C 
rXntS adequate accuracy. Operation at ambient temperatures 
rS o^his ran^e should be limited to those temperatures whose re- 
sults can be accurately extrapolated to 25 C ambient. „_,„.. 
5 2 Eneine Charge Air Cooler System Pressure Drop— Pressure 
drop across^he engini charge air cooler system should be measured at 
fl^^d engL speedTnd load in a variety ol vehicles This measurement 
can be made at the same time that the rated load set point is being 

""TrEngine Charg^: Air Cooler System Thermal ««*?<»«'« 
Time-Themal responslv'ata can be obtained on a chassis dynamom- 
Jtrduringo^' he-road test^^g with a loaded trailer or a dynamom«er 
^L. or Lm computer nK^^ing of the -l^^o^er s,^.^If- 

^:^Zn:'^-^St^^^ used. The engine 
cooUng fan drive should be fully engaged tor this testing. 

The thermal response of the e-igine charge an cooler system is deter- 
mined bv a rapid Acceleration f .om low idle to rated engine speed and 
^IduSil the cooled charge a.r temperature stabilizes. Gearing should 
S^dto^rrm airVvided) to rUlt in ^-^^P-ds^VtrT^ 
of 48 to 72 km/h when the engine is at rated speed and load, ine 
cooled chargr^ temperature history should be recorded over this 
th^eperio7for later comparison to test cell cooler system response 
'™f pSt, this test should be run twice to -t^b'^h *e effect of a 
"mid" versus "hot" charge air cooler on thermal response. This can be 
easiy al^com^lished by running back-to-back tests without allowing the 
mmne to remain at low idle between tests. 

fltUMTe^Cell Cooler System Set Points-Thk section describes 
thf^Sl adiustment of the test cell cooler system parameters to ap- 
proxtoate values obtained from vehicle testing. The same test eel cool- 
proximdic va Transient Emissions Test and 

leSsmotTe:t.TJe location of the cooled charge air pressure 
anftempe^^e transducers should be the same for both the in-vehicle 

-' t! Z^ ^cTn S-mir u^sed by jnanjifac^-- — ! 

chalgl^^r. A teief description of each type of test cell system is includ- 

^^ 'e tiefore EPA Transient Emissions or Federal Smoke testing is 
performed, operlte the engine at rated speed and lo^d^^.f^just the 
cooled charge air temperature to the rated load set point ±3 C (5.1.1). 
At he samf time, the test cell cooler system pressure drop should be 
meatred and Adjusted, if necessary, to ±2 kPa of the pressure drop 
representative of vehicle charge air cooler systems. 
'Xr EPA Transient Emissions testing, these ^^ttmgs should be ad^u^t- 
ed prior to running the maximum torque curve and should be used tor 
traS emissions^esting following forced or "f "f ' ^^ ^ow"^ ^e 
Federal Smoke testing, these adjustments should be made durmg the 



r^ldC^h^^'^SmeSur^^^^^^^^^ 

•t^2tFor't«ttntollr ^^siems using air as the charge air cooling 
mt^umTe air-to-air systems using engine driven or auxi lary cooling 
feS "rflo; ? con o/ed to obtaiS thi rated load set PO>nt tempera- 

ure Due to the lack of vehicle ram air in the test cell, tfie cooled 
charge aTr temperature may exceed the rated load set point. Therefore 
effort ZuUhe made to maximize cooling airflow. It is recormnended 
fw the^r used as the charge air cooling medium be controlled to 20 

o 30*C AgaL t^ s wUl more easily provide a representative charge air 
lemSeraturl at'i?w ille with consideration given to underhood heating 

te™ay need means to adjust the engine charge air cooler system 

g~m:dsfe^f^fe.^s^^^^^^^ 

^^ 7?"Transient Emissions Test-The range °f;°?l^!l f^J^^J 

tion of the test shall not fall below 20 C. ^ 

If thP rane-e of cooled charge air temperatures of the test ceii cooier 

^ Tf Federal Smoke Test-Cooled charge air temperature at low 
idle should meet the idle criteria in 7.2. 

7.4 Thermal Response Test-The time to reach 85% ot «« tern 
peramre difference between low idle ^nV^'^'^H ^frl'vliS thermS 
reasonably duplicate the response time observed ^o"* ^.^^"='^^X/^t 
r™se iesting or from computer modeling of the vehicle cooler sys- 

hat the 85% ooint is typically reached in 1.5 to 3.5 mm. Agreement 

run outside of the suggested limits. A summary of this testing is includ 

^"^^he^dta in Table 1 summarizes the effects that changes have bn 
emTstn^aU^smotiin cooler system paramete^^^^^^^ 

Sid^fmt^trro^lfreLVX^^^^^ 

ris^ffe^t^rcS^dt^"^ 

dita was provided from more than one test cell cooler system or en- 
^' It should be noted that no effort was made to separate engine and i„^ 

parameters. 
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TABIE 1-SUMMARY OF EMISSIONS AND SMOKE SENSITIVITY 



Emission 



Range of 
Test Data 



Average Effect 

of 3'C 

Increase in 

Rated Load 

Sot Point 




HC 

NOX 

PART 

ACC SMOKE 

LUG SMOKE 

PEAK SMOKE 



Effect of 
2 kPa Increase 

in Cooler 
Pressure Drop 



0.32-0.89 g/bhp h 
3.8-8.9 g/bhp h 
0.24-0.67 g/bhp h 
9.9-] 7.5% opacify 
0.7-13.6% opacity 
13.8-43.5% opacity 



-0.7% 
+0.6% 

■0.6% 
+0.2% 
+0.]% 
+0.4% 



-2.0% 
-0.8% 
+2.2% 
+3.3% 
+ 1.1% 
+3.0% 



Manufacturers may wish to determine the emission sensitivity of their fast r.W \ ' 

■^ test eel. cooler systems. Suggested senslt., test methods ore included in A.4 for this purpose" 

~ TEST CELL DATA 



Average Effect 

of 5°C Increase 

In Cooling 

Medium Temperature 



-1.8% 
+0.6% 
+0,1% 
+3.0% 
-0.7% 
+3.3% 



Engine 



Test Cell 
Cooler System 



317 Kw 
298 Kw 
261 Kw 
231 Kw 
168 Kw 
179 Kw 
179 Kw 
224 Kw 



Air to H2O 
Air to H2O 
Air to H2O 
Air to H2O 
Air to H2O 
Water bath 
Water bath 
Air to H2O 



Cooling 
Medium 



SO'C H2O 
25*'C H2O 
30" C H2O 
30*'C H2O 
32*'C H2O 
25'C H2O 
25 X H2O 
27X H2O 



Cold Charge 

Air Temperature 

@ Idle 



35T 
33"C 
30"C 
32X 
34T 
29T 
29*C 
29'C 



VEHICLE DATA 



Engine 
Rating 



224 Kw 
179 Kw 
298 Kw 
298 Kw 



Vehicle 
System 



Air-to-air 
Air-to-air 
Low flow 
Air-to-air 



Cooling 
Medium 



25X air 
IS'C air 
-3'C air 
23T air 



Cold Charge 

Air Temperature 

@ Idle 



31 X 
20"C 
69X 
26X 



9, General Comments 

tional over an a^went feL ^ P^'""'^ controlled device opera- 
device that rffecTs SrarcooT/ ""f °' ^° '° ^'°^ °^ ^X °Aer 
9 Tf o . cnarge air cooler performance n the vehirip 

dition, care should be taken fo.voM T ^"•.'^°°''"g ""edium. In ad- 

APPENDIX A 

the engine r^dmtTnZeTZrf ""^ ""^ ^^' shown) or along side 

cooled by vehidHooHni at ^'/' !5' '""'T '^^ "^^^^^ ^' ^^<^er, is 
X nicie cooling air, and is directed to the engine inlet. The 



ENGINE 






TURBOCHAHQEf 



Rated 

Load Set 

Point 

Temperature 



48X 
46X 
44X 

4rc 

45X 
47'C 
43X 
43 X 



Rated 

Load Set 

Point 

Temperature 



38X 
39X 
47X 

35X 



COOLED CHARGE AIH 



FAN- 



X 



Thermal 

Response 

Time 



2.4 min 

3.5 min 
2.2 min 
3.0 min 
4.0 min 
2.5 min 
5.0 min 
2.3 min 



Thermal 

Response 

Time 



3.0 min 

1.4 min 

1.5 min 
3.0 min 




OHMRGE 

AiR 

COOLER 






ENGINE COOUNT 



RADIATOR 
THERMOSTAT 



FIG. A1--.AIR.TO.AIR-- VEHICLE CHARGE AIR COOLER 
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temperature and flow rate of the cooling air depends on the ambient 
temperature, vehicle speed, and cooling fan speed. 

A1.2 "Low Flow Coolant" Vehicle Charge Air Cooler Sys- 
tem — (See Fig. A2). The charge air cooler is typically located in close 
proximity to the engine intake manifold. The heated charge air enters 
the charge air cooler, is cooled by low temperature coolant from the 
low flow engine radiator, and enters directly into the engine intake 
manifold. The temperature of the coolant is controlled by a system 
thermostat. 



A2.2 "Air-to- Water" Test Cell Charge Air Cooler System— (See 
Fig. A4). This system uses an air-to-water heat exchanger to cool the 
heated, charge air in place of the "air-to-air" vehicle charge air cooler 
system. The heat exchanger is sized to handle the required charge air 
heat load and the charge air cooler system volume is sized to approxi- 
mate the vehicle charge air cooler system volume. The cooling water 
flow is adjusted to obtain the rated load set point temperature. 



ENGINE 



CHARGE - 

AIR 

COOLER 




TURBOCHARQER 



COOLED CHARGE AIR 



ENGINE 



THERMOSTAT 




TURBOCHARQER 



AIR TO 
WATER HEAT 
EXCHANGER 



ENGINE COOLANT 



FIG. A2— "LOW FLOW COOLANT" VEHICLE CHARGE AIR 
COOLER SYSTEM 



FIG. A4— "AIR-TO-WATER" TEST CELL CHARGE AIR 
COOLER SYSTEM 



A2. Test Cell Charge Air Cooler Systems — Five types of test cell 
charge air cooler systems that are currently in use are described as fol- 
lows. For test cell systems where the engine coolant is cooled by a test 
cell heat exchanger system, the engine coolant lines are not shown. 
A2.1 "Water-to-Water" Test CelL Charge Air Cooler Sys- 
tem — (See Fig. A3). This system is used to simulate the "low flow cool- 
ant" vehicle charge air cooler system. A water-to-water heat exchanger 
is used in place of the low flow radiator to control the engine coolant 
inlet and outlet temperatures. The engine coolant and cooled, charge 
air temperatures are adjusted to the rated load set point values. During 
EPA Transient Emissions and Federal Smoke testing, the temperature 
of the coolant to the charge air cooler is controlled by the engine ther- 
mostat. 



ENGINE 




TURBOCHARQER 



A2.3 "Air-to-Air (Water Bath)" Test Cell Charge Air Cooler Sys- 
tem— -(See Fig. A5). This system uses the vehicle charge air cooler sub- 
merged in a water tank in place of the "air-to-air" vehicle charge air 
cooler system. The heated, charge air is cooled by the surrounding wa- 
ter as the charge air passes through the charge air cooler. The temper- 
ature and/or flow of the water through the tank are adjusted to obtain 
the rated load set point temperature. In some cases, the water level is 
also adjusted to control the cooled charge air temperature at low idle. 
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ENGINE 
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/TANK 




TURBOCHARQER 



CHARGE 

AIR 

COOLER 
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FIG. A5— "AIR-TO-AIR (WATER BATH)" TEST CELL CHARGE 
AIR COOLER SYiSTEM 



ENGINE COOLANT 



FIG. A3— "WATER-TO-WATER" TEST CELL CHARGE AIR 
COOLER SYSTEM 



A2.4 «Air-to-Air (Engine Driven Fan)" Test Cell Charge Air 
Cooler System — (See Fig. A6). This system uses the vehicle charge air 
cooler and engine driven fan in the test cell The heated charge air is 
cooled by passing the cooling air through the charge air cooler. This 
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test cell system requires a test cell with sufficient ventilation to accom- 
modate the cooling airflow and heat load. 

Since the ram air effect is not generally available in the test cell, 
cooling airflow must be very high to avoid exceeding the rated load set 
point temperature. 



COOLED CHARGE AIR 



ENGINE 




TURBOCHARQEI 



RADIATOR 
(OPTIONAL) 



FIG. A6— "AIR-TO-AIR (ENGINE DRIVEN FAN)" TEST CELL 
CHARGE AIR COOLER SYSTEM 



AB, Engine Charge Air Cooler Thermal Response — Thermal re- 
sponse data for rapid accelerations from idle to rated engine speed and 
load are summarized. Time to reach 85% of the cooled charged air 
^temperature difference between low idle and rated engine speed and 
load was determined from cooled charge air temperature data recorded 
during these tests. The data were obtained from both the engine test 
cell and the vehicle tests. 

A4, Sensitivity Testing — This section describes emissions and smoke 
sensitivity test procedures and presents test results for different test cell 
cooler system designs used by several engine manufacturers. The meth- 
od used for calculating the average effect of each cooler system param- 
eter on emissions and smoke is described in Section 8. 

A4.1 Cooling Medium Temperature — A minimum of three EPA 
Transient Emissions and Federal Smoke tests should be run at each of 
three temperatures that cover the range of expected cooling medium 
temperatures. Typically, cooling medium temperatures B^C above and 
below the normal temperature should be used to determine the sensi- 
tivity of emissions to cooling medium temperature. Cooling medium 
temperatures below 20 ''C are not recommended due to difficulty in 
maintaining a low idle charge air temperature above 20''C, Cooling me- 
dium temperatures above SO^C are generally insufficient to maintain 
the rated load set point temperature. The rated load set point tempera- 
ture must remain constant for this testing to prevent any influence of 
rated load set point on the results. This requires adjusting the cooling 
medium flow as its temperature is changed to maintain a constant rated 
load set point temperature. 

The data in Table Al are examples of emissions and smoke sensitivi- 
ty to cooling medium temperature. The data are the average of four 
engines run with air-to-water and air-to-air (water bath) test cell cooler 
systems. 



A2.5 «Air-to-Air (Auxiliary Fan)" Test Cell Charge Air Cooler 
System — (See Fig. A7). This system is similar to the system described 
in A.2.4 except that an auxiliary cooling fan is used in place of the en- 
gine driven fan. The auxiliary fan speed is proportional to engine 
speed. 



TABLE Al— EFFECT OF COOLING MEDIUM TEMPERATURE ON EMISSIONS 

Test Conditions 

a. Constant Rated Load Set Point Temperature 

b. 1 1 to 32°C Cooling Medium Temperature Range 

c. US EPA Transient Emissions and Federal Smoke Cycles 



Emission 



Average Effect 
Range of of 5'C Increase in 

Test Data Cooling Medium Temperature 



COOLED CHARGE AIR 



ENGINE > 




TURBOCHARGER 



RADIATOR 
(OPTIONAL) 



FIG. A7— "AIR-TO-AIR (AUXILIARY FAN)" TEST CELL 
CHARGE AIR COOLER SYSTEM 



HC 


0.33-0.89 g/bhp fi 


NOX 


4.8-8.8 g/bhp \x 


PART 


0.25-0.50 g/bhp h 


ACC SMOKE 


9.9-13.1% opacity 


LUG SMOKE 


1.3-12.0% opacity 


PEAK SMOKE 


13.8-38.7% opacity 



-1.8% 
+0.6% 
+0.1% 
+3.0% 
-0.7% 
+3.3% 



A4.2 Rated Load Set Point Temperature — A minimum of three 
EPA Transient Emission and Federal Smoke tests should be run at each 
of three rated load set point temperatures to determine the sensitivity 
of emissions and smoke to the rated load set point. These points should 
be chosen to be ICC above and below the normal rated load set point. 
Some flow adjustment of the cooling medium is required to obtain the 
high and low rated load set point temperatures. 

The data in Table A2 are examples of emissions and smoke sensitivi- 
ty to rated load set point temperature. The data are averages of data 
from four engines run with an air-to-water and air-to-air (water bath) 
test cell cooler systems. 
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TABLE A2— EFFECT OF RATED LOAD SET POINT TEMPERATURE ON EMISSIONS 

Test Conditions 

a. Constant Cooling Medium Temperature 

b. 25 to 65 "C Rated Load Set Point Temperature Range 

c. US EPA Transient Emissions and Federal Smolce Cycles 



Emission 



Average Effect 
Range of of 3'C Increase in Rated 

Test Data Load Set Point Temperature 



HC 


0.32-0.63 g/bfip h 


NOX 


3.8-8.9 g/bhp fi 


PART 


0.24-0.67 g/bfip h 


ACC SMOKE 


10-12.2% opacity 


LUG SMOKE 


0.7-13.6% opacity 


PEAK SMOKE 


16.8-41% opacity 



-0.7% 
+0.6% 

-0.6% 
+0.2% 
+0.1% 
+0.4% 



A4.3 Charge Air Cooler System Pressure Drop — A minimum of 
three EPA Transient Emissions and Federal Smoke tests should be run 
to document the sensitivity of emissions and performance to the total 
pressure drop across the charge air cooler system. The pressure drop 
value is measured and adjusted at the rated speed and load condition. 
It is recommended that this testing be carried out at the design point 



and at two additional values of charge air cooler system pressure drop, 
typically ±5 kPa from the design point value. 

The data in Table A3 are examples of emissions and smoke sensitivi- 
ty to charge air cooler system pressure drop for a medium duty engine 
(179 BKW) using an air-to-air (water bath) test cell cooler system. 



TABLE A3— EFFECT OF ENGINE CHARGE AIR COOLER SYSTEM PRESSURE DROP ON 
EMISSIONS 

Test Conditions 

a. Constant Cooling Medium Temperature 

b. Constant Rated Load Set Point Temperature 

c. 7 to 17 kPo Cooler System Pressure Drop Range 

d. US EPA Transient Emissions and Federal Smoke Cycles 



Emission 


Range of 
Test Data 


Effect of 2 kPa 

Increase in Cooler 

System Pressure Drop 


HC 


0.56-0.65 g/bhp fi 


-2,0% 


NOX 


6.9-7.8 g/bhp h 


-0.8% 


PART 


0.35-0.39 g/bhp h 


+2.2% 


ACC SMOKE 


14-17.3% opacity 


+3.3% 


LUG SMOKE 


3.1-4.0% opacity 


+ 1.1% 


PEAK SMOKE 


37-43.5% opacity 


+3,0% 
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